Abstract: This brief review highlights some current issues in Galactic stellar nucleosynthesis, and 1 some recent laboratory studies by the Wisconsin atomic physics group that have direct application 2 to stellar spectroscopy, in order to advance our understanding of the chemical evolution of our 3 Galaxy. The relevant publication history of the lab studies are summarized, and investigations into 4 the abundances of neutron-capture and iron-peak elements in low metallicity stars are described.
. A periodic table color-coded by published neutral and ionized species laboratory transition probabilities from the Wisconsin group. The elements shown in gray boxes have not been studied; the blue, orange, green and yellow colors are defined in the figure.
Two important astrophysical element groups have been featured: the Fe-peak elements 43 (21 ≤ Z ≤ 30), and the neutron-capture (n-capture) elements (Z > 30). In Figure 1 we show in 44 periodic table format the elements with published Wisconsin lab g f values, color-coded by the species 45 that have been studied. Except for Xe I [10] and Ni II [11] , all of the results include transitions that are 46 readily accessible in the optical (3000−9500 Å) and ultraviolet (UV: 2200−3000 Å) spectral domains of cool stars. 1 There are many individual studies, and here we comment on a few aspects of these lab Only the Xe I 1470 Å resonance line was investigated by [10] ; seven Ni II lines in the 1450−1750 Å were included by [11] .
The neutral species for Ti through Ni have been extensively studied [16] [17] [18] [19] [20] [21] , and the ionized 66 species for these elements except Ni (see above footnote) [19, [22] [23] [24] [25] . Application to the solar 67 photospheric spectrum and to the spectrum of the well-studied metal-poor field star HD 84937 results
68
in accurate, internally consistent abundances for each species. More importantly, the abundances for 
72
An earlier series of lab studies concentrated on near-complete coverage of the ionized species of 73 "rare earth" lanthanides. Only the ionized species of lanthanides are usually detectable is stellar spectra.
74
In spite of their relatively small abundances in most stars in comparison to the Fe-peak group, there 75 are many ionized-species lanthanide lines detectable in the blue and near-UV spectrum of cool stars.
76
In Figure 1 it is clear that most Wisconsin lab studies of n-capture elements outside the lanthanide 77 domain have been on neutral-species transitions. In many cases this mirrors their stellar spectroscopic 78 accessibility. Neutral species lines of these elements mostly are few and far between, and rarely do 79 ionized species lines become detectable. 
81
The onset of Galactic nucleosynthesis produced stars of very low overall metallicity 2 and many 82 of these objects exhibit large departures from the solar-system abundance distribution. Among the 83 n-capture elements there are outstanding examples of stars that have been born with or acquired from 84 a companion extreme enhancements of elements (isotopes) that were generated in fusion environments 85 that were conducive to slow neutron captures (the s-process) or rapid-blast ones (the r-process).
86
There has been renewed interest in the r-process production site following the recent discovery 87 of gravitational wave event GW170817, so far unique in providing electromagnetic signals as well in 88 multiple wavelength domains. The totality of "multi-messenger" information from GW170817 strongly 89 suggests that this event arose from the merger of two neutron stars [27] . Additionally, photometric 90 and spectroscopic observations [28, 29] suggest the presence of r-process-rich ejecta from this event, we reproduce their comparison of abundances of that star and scaled solar-system r-process-only 99 abundances. The match is near-perfect in the lanthanide domain, and it is in many other r-process-rich 100 stars, e.g., [32, 33] . Spectroscopically this means that atomic data parameters for a large number of 101 detectable n-capture elements are now good enough that they play only a very small part of the overall 102 elemental abundance uncertainties. Astrophysically this means that the creation of r-process elements 103 has been essentially the same over Galactic history, and possibly limited to one type of production site.
104
Figure 2. Abundances of n-capture elements in the very metal-poor r-process-rich star J0954+5246 and those of r-process and s-process material in the solar system [31] . In the top panel the abundances are presented, and in the bottom panel the differences between the star and solar r-process-only abundances are shown.
For low metallicity stars the Fe-group element abundances have not had the same level of atomic 105 physics attention as the n-capture elements. It has been known for decades that relative abundances 106 among this element group do not conform exactly to the solar-system distribution [34] [35] [36] 
118
• no evidence for depletion of Cr and enhancement of Co at this metallicity;
119
• a curious overabundance of the three lightest Fe-peak elements Sc, Ti, and V.
120
This work is being extended to lower metallicities [39, 40] to investigate Fe-peak abundance ratios for 121 any solid evidence of other departures from the solar-system distribution. 
169
In Figure 4 we present abundances for 168 Ti I lines in Arcturus from 5200 Å to 2.4 µm. to over-estimation of abundances, and for strong lines this can be a significant effect. 
